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Wheat and wheat products are the main sources of glu-
ten that are consumed in large quantities around the globe. 
Due to their availability, seductive texture and taste, they are 
consumed daily and can be part of every meal (Čuković-Čav-
ka et al., 2012; Biesiekierski, 2017). In addition to wheat and 
wheat products, the gluten is present in barley, rye and their 
products and also in all derivatives and cross-grain varieties 
obtained from these three cereals (Elli et al., 2017). Gluten 
is widely used in the food industry due to its properties and 
may be present in processed food where it is added to main-
tain moisture and improve the texture and taste of the product 
(Biesiekierski, 2017, Čuković-Čavka et al., 2012). For this 
reason, the source of gluten may also be non-cereal food, e.g. 
meat products (sausages, honeysuckle); products based on 
fish and marine organisms (breadded fish sticks); vegetarian 
substitutes for meat and candies, ice cream, butter, spices and 
sauces where gluten is used as a thickening agent, an emulsi-
fier or a gelling agent. Furthermore, gluten is increasingly se-
parated from wheat (known as "vital wheat gluten") or from 
wheat modifications (known as "isolated wheat proteins") to 
improve the structure of bakery products or for enrichment 
of low-protein flour (Kucek et al., 2015). According to some 
authors, the gluten content in the granule ranges from 70 % to 
80 % (Scherf et al., 2016; Catassi et al., 2017) and is a com-
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plex mixture of proteins, mostly gliadine and glutenin called 
prolamines due to the high content of amino acid residues of 
glutamine (38 %) and proline (20 %) (Biesiekierski, 2017). 
High proline content makes gluten resistant to degradation of 
gastrointestinal enzymes and due to that large immunogenic 
gluten peptides reach the mucosal surface stimulating the de-
velopment of inflammatory reactions (Čuković-Čavka et al., 
2012). Today, it is known that gluten can lead to celiac disease 
and can also cause a variety of other disorders (Mišak, 2014). 
According to the consensus of experts published in 2012, the 
disorders caused by the ingestion of gluten can be divided 
into three basic forms: autoimmune (celiac disease, dermati-
tis herpetiformis and gluten ataxia), allergic (wheat allergy) 
and probably immunologically mediated (gluten hypersensi-
tivity) (Sapone et al., 2012). For celiac patients, a gluten-free 
diet, which is strict and lifelong, implies a complete exclu-
sion of all foods containing gluten, since even the smallest 
amounts of gluten can lead to mucosal damage (Sapone et al., 
2012; Mišak, 2014). In food processing there is a risk of cross 
contamination of gluten-free products (HOK, 2016). There 
is a possibility that the amount of gluten in these products 
is less than 20 mg kg-1, but there is no “gluten free” label 
because the products are not tested. Unfortunately, even the 
"gluten-free" mark is not always a guarantee that the product 
meets the labelling requirements (Lee et al., 2014). Verma et 
al. (2017) analysed the gluten content in 200 gluten-free pro-
ducts (including products that naturally do not contain glu-
ten) present in the Italian market. Products that naturally do 
not contain gluten were contaminated to a greater extent of 16 
% and the labelled gluten-free products to the extent of 9 %; 
where oats were the most contaminated. Research in Canada 
conducted by Koerner et al. (2011) showed that out of 133 
samples of oats, as much as 88 % were contaminated. Lee et 
al. (2014) analysed 78 samples of food labelled "gluten free" 
in the United States. Results showed that 20.5 % of samples 
did not meet the labelling requirements and one of the most 
commonly contaminated products were breakfast cereals. 
Near-infrared (NIR) spectroscopy is used in the food industry 
to control the quality and safety of food. It is routinely used in 
the composition analysis and functional and sensory analysis 
of food ingredients, process intermediates and finished pro-
ducts (Gajdoš Kljusurić et al., 2017). The application of NIR 
spectroscopy for on-line monitoring of industrial processes 
for the production of various food products from all food gro-
ups, is present also in monitoring cereals and cereal products. 
For example, it is used for determination of proteins, fats and 
moisture in cookies and cakes, and also for detection of star-
ch, protein, water, ash, colour and grain size in flour (Porep et 
al., 2015). NIR spectroscopy is also used for monitoring the 
breadcrumb mixing process, for monitoring cereals and cere-
al products (Aït Kaddour and Cuq, 2011a), for agglomeration 
of flour (Aït Kaddour and Cuq, 2011b), for determination of 
moisture in pasta after extrusion (De Temmerman and sur., 
2007) and for determination of moisture and protein in rice 
and wheat in the wavelength range of 840 nm to 1048 nm (Li 
et al., 2013).
The most important step in NIR spectroscopy is the de-
velopment of a good calibration model that includes calcula-
tion and regression equation based on the NIR spectrum and 
known analyte concentration to predict future unknown con-
centrations of that analyte in the samples (Badr Eldin, 2011). 
For the development of the model, the chemometric multi-
variate analysis methods are used. The most commonly used 
are: principal component analysis (PCA) and partial squares 
regression (PLSR) (Ozaki et al., 2007). The aim of this paper 
was to determine the possibility of using NIR spectroscopy in 
the qualitative and quantitative detection of gluten as a food 
contaminant by using of most common chemometric tools re-
lated to NIR spectroscopy – PCA and PLSR.
Materials and methods
The basic objective of the study was to test the possibility 
of using NIR spectroscopy in gluten detection on 6 basic raw 
materials (Table 1) which were divided into two groups: Glu-
ten group (Wheat Flour Type 400 and Wheat Flour Type 550) 
and group that naturally doesn’t contain gluten (white long 
grain rice, rice flour, corn grits and corn flour). Only rice flour 
(Rb) had the "gluten-free" tag.












Rise R TR KiR
Rise flour Rb TRb KiRb
Corn grits Kk TKk KiKk
Corn flour Kb TKb KiKb




All the raw material that does not contain gluten (R, Rb, 
Kk and Kb) was “contaminated” with fine or coarse flour in 
5 %, 10 %, 15 %, 20 %, 25 % and 30 % ratios. The prepared 
powder samples were mixed with a wooden stick and their 
NIR spectra was recorded using a probe. The setup of NIR 
spectrometer used in this study was previously described in 
the work of Valinger et al., 2011. After NIR measurements, 
25 mL of water was added to the samples and the suspensions 
spectra were recorded in the same manner as the previous 
ones. The experiment plan is presented in the flow chart in 
figure 1. 
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Figure 1.  Schematic	representation	of	the	process	of	prepara-
tion	and	measurement	of	contaminated	samples
Light microscopy
Light microscopy was used to determine the size and 
shape of the particles in the samples. The Motic B1 Series 
microscope was used with a mounted Moticam 3 microscopic 
camera with a magnification of 4x. The size and shape of the 
particles have an impact on the precipitation rate since larger 
particles settle faster than smaller and spherical particles settle 
faster than irregularly shaped (Mohammed, 2013).
Determination of moist and dried gluten
The amount and quality of gluten protein affects the vis-
cous-elastic properties of the dough. In other words, the greater 
the quantity and the quality of the moist gluten, the obtained 
dough is more elastic and during fermentation it retains gas and 
ensures good volume and layout of the baker's cavity (Mlinar 
et al., 2017).
In 10 g of wheat flour 5 mL of a 2 % solution of sodium 
chloride was added and the mixture was homogenized. The 
pellet was formed and continuingly flushed with 2 % sodium 
chloride solution. The wet gluten was divided into two equal 
pellets that were weighed, and were then dried at 130 ºC for 4 
hours. After drying and cooling for one hour, the samples were 
weighed again.
The percentage of wet and dried gluten in fine and coarse 




Conductivity and total dissolved substance
All the ions present in the solution contribute to conduc-
tivity, which can be used as a measure of the ion concentrati-
on present in the sample. Other parameters, such as total dis-
solved solids (TDS), can also be determined when measuring 
conductivity. TDS is a method used to determine the solids in 
solution since solids are present in most cases as ions (Hanna 
Instruments, 2017). Conductivity and TDS were measured in 
triplicate for liquid samples using the conductivity meter (S230 
SevenCompact ™). The probe was immersed in the sample 
and the apparent conductivity was expressed in μS cm-1 and 
TDS in mg L-1. 
NIR spectroscopy
NIR spectra of all prepared samples were recorded in 
the wavelength range from 904 nm to 1699 nm. NIR spectro-
meter NIR-128-1.7-USB/6.25/50µm (Control Development, 
Inc.) with installed Control Development software SPEC 32 
was used for all measurements. The absorbance of the sam-
ples was recorded in triplicate. The NIR probe was used for 
powder samples and the powder samples mixed with water. 
The cuvette holder was used for recording the supernatants of 
the samples.
Data processing
All experimental data obtained by NIR spectroscopy, con-
ductivity, TDS and determination of moisture and dried gluten 
was used to form a data matrix of 797 columns and 196 rows. 
Further data processing was conducted by the XLStat pro-
gram for qualitative analysis (Principal Component Analysis, 
PCA) and the program Unscrambler	 X for the quantitative 
modelling (Partial Linear Squared Regression, PLSR). The 
representativeness of the model was assessed based on the co-
efficient of determination (R2) and the Ratio of standard error 
of performance to standard deviation (RPD).
Results and discussion
Micrographs of the samples were taken to visualise the 
different particle sizes, primarily of different wheat flour and 
then the particle size differences in the simulated cross conta-




M. Radman et al: Croatian Journal of Food Technology, Biotechnology 
and Nutrition 13 (3-4), 120-127 (2018)








The microscopic images show the irregular shape of the 
sample particles. Corn grits (compared to flour) had the largest 
particles (450 μm). Hard wheat flour had a particle size about 
180 μm or less and soft wheat flour and rice flour particle sizes 
did not exceed 100 μm. 
The content of wet gluten in soft wheat flour was 22.93 % 
and 19.78 % in hard wheat flour. Ionescu et al. (2010) stated 
that the wet gluten content in wheat flour ranges from 23 % to 
31 % while Kim et al. (2017) indicated a range from 22.4 % to 
39.8 % and that the wet gluten content in wheat flour signifi-
cantly depends on the wheat variety from which the flour was 
made and the region where wheat is grown.
A change of wet and dried gluten related to different ma-
sses of added flour is presented in figure 3. 
Figure 3. Scatter	plot	of	wet	and	dried	gluten	increase	based	
on	added	amounts	of	flours.	
By gluten drying in case of 3 g of added flour 5 % of wet 
gluten was obtained which is in accordance with the literature 
since the trend of wet and dried gluten is not linear and would 
be approximately around 12 % for both flours. According to 
Marti et al. (2015) who tested gluten content in 19 samples 
of white flour of different wheat varieties gluten content was 
in range from 8.93 % to 13.44 %. According to the increase 
of gluten content, it was expected to detect a related trend in 
changes of total dissolved solids (TDS) and conductivity (G) 
for cross-contaminated foods. Results of those measurements 
are presented in table 2.
Table 2. Average	values	for	the	total	dissolved	solids	(TDS)	and	conductivity	(G)	for	cross-contaminated	foods
measured Added flour (g)












TDS (mg L-1) 0.5 46.0 22.0 20.0 80.5 69.5 26.5 33.0 80.5
1.0 71.5 39.5 31.5 65.5 99.5 53.5 72.0 217.5
1.5 93.0 67.0 46.5 165.5 132.0 62.0 95.0 295.5
2.0 112.5 56.5 110.5 149.0 149.5 127.0 157.0 252.5
2.5 142.5 107.0 105.0 50.0 182.5 165.5 172.0 345.0
3.0 146.5 163.0 120.0 96.0 202.5 203.5 195.5 367.0
G (μS cm-1) 0.5 91.0 44.0 40.0 162.5 139.0 52.5 66.0 160.0
1.0 142.5 79.0 63.0 132.0 198.5 106.5 144.0 434.5
1.5 184.5 134.0 93.0 332.5 262.5 123.5 190.0 589.5
2.0 224.0 113.0 221.0 300.0 299.0 254.0 314.5 504.0
2.5 283.5 214.0 210.0 101.0 365.0 330.5 343.5 689.5
3.0 293.0 326.0 240.5 194.0 405.0 407.0 391.5 729.5
Measured TDS and G showed an increase in values which 
is linearly proportional to the added contaminant, regardless 
which type of flour was used. The lowest TDS value of 22 mg 
L-1 was observed for the samples in which the minimum of 
coarse wheat flower was added to rice flour while the highest 
value of TDS of 367 mg L-1 was observed for samples where 
fine wheat flour was added to corn flour.
The spectrum of samples recorded with NIR spectroscopy 
and their similarity and/or differences are presented in figure 
4. NIR spectroscopy is based on the absorption of electroma-
gnetic radiation in the range of 780 nm to 2500 nm where the 
tonalities of the higher tones and the combination of overtones 
appear, among which the most prominent are OH, NH, CH and 
SH bonds (Ozaki et al., 2007).
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In figure 4 differences between the NIR spectrum of 
fine and coarse wheat flour can be observed. In addition, the 
spectrum is characterized by a stronger signal in the wavelen-
gth range of about 1400 nm to 1550 nm due to water content 
but also the first overtones of N-H linkages which are charac-
teristic of proteins (Badr Eldin, 2011).
Based on the NIR spectral data, the principal component 
analysis (PCA) was conducted. This is a chemometric method 
used to obtain information from chemical data using statisti-
cal procedures. PCA enables analysis and grouping of data 
and presents the qualitative model. The obtained data can be 
represented by dots in the n-dimensional space where each 
dimension represents a given variable xi (i = 1, 2, ..., n). By 
introducing main components (PCs), the dimensionality of 
space is reduced, which simplifies data interpretation. The first 
major component (PC1) describes the largest variation in the 
data, while the rest of the variation is described by other major 
components (PC2, PC3 etc.). The distance between projections 
of the point and the main component of the origin of the co-
ordinate system and the data visualization is performed using 
factor score (Jednačak and Novak, 2013). In this work Varimax 
rotation was used without any data pre-processing (Abdi and 
Williams, 2010).
The results of qualitative effects of PCA are presented in 
figure 5. 
In Figure 5A grouping formed based on NIR spectra of 
raw material is presented while in the figure 5B grouping of 
liquid forms of rice flour contaminated with different shares of 
coarse and fine wheat flour are presented. 
In figure 5A clear separation of samples can be observed, 
with the greatest particle sizes (rice, R in the 1st quadrant & 
corn grits, Kk in the 2nd quadrant), covering 99.98 % of all data 
variances. In Figure 5B clear separation of two sample groups 
can be observed– those contaminated with coarse wheat flour 
(almost all grouped in the 3rd quadrant) and those contaminated 
with fine wheat flour.
Figure 5.  PCA	analysis	of	the	NIR	spectrum	of	A)	basic	raw	
materials	and	B)	liquid	form	of	rice	flour	contami-
nated	with	soft	and	hard	wheat	flour
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PLSRs models were developed for each food sample 
(rice, rice flour, corn flour and corn grits) for which the NIR 
spectrum was used as input variable and percentage of added 
flour, wet gluten (%), dried gluten (%), total dissolved solids 
(TDS) and conductivity (G) were used as outputs variables.
The effectiveness of the PLSRs for quantitative pre-
diction was rated based on the calculated coefficient of de-
termination and RPD value. For good models coefficient of 
determination is expected to be over 0.95 and the ratio of 
standard error of performance to standard deviation (RPD) is 
expected to be over 3 (Janči et al., 2017). The efficiency of 
models based on the NIR spectra with added concentrations 
of the contaminant (wheat flour) and TDS/G are presented 
in table 3.
Table 3.  Determination	coefficient	(R2p)	and	the	Ratio	of	standard	error	of	performance	to	standard	Deviation	(RPD)	values	for	
PLSR	models
Contaminated food# & added flour*  
(O or G)
concentration TDS G
R2p RPD R2p RPD R2p RPD
RG 0.941 4.117 0.937 3.997 0.935 3.910
RO 0.941 4.124 0.915 3.420 0.913 3.390
RbG 0.958 4.880 0.891 3.022 0.890 3.019
RbO 0.965 5.345 0.996 16.013 0.996 15.617
KbG 0.982 7.454 0.982 7.538 0.983 7.559
KbO 0.989 9.535 0.996 16.013 0.996 15.617
KkG 0.950 4.472 0.933 3.855 0.833 2.445
KkO 0.982 7.454 0.738 1.955 0.738 1.955
# R=rice; Rb=Rice flour; Kb=corn flour; Kk=corn grits; *G=fine wheat flour, O=coarse wheat flour
For the purpose of potential prediction of flour percentage 
in analysed samples (0-30 %), PLSR models for all combi-
nations of raw materials of powder and liquid samples were 
created. Out of 24 models (8 combinations and 3 parameters), 
3 were not applicable, i.e. they had a coefficient of determina-
tion (R2) under the value of 0.89. Although the same patterns 
for rice samples as the base were developed in both types of 
samples, the patterns for liquid samples show higher coeffici-
ents of determination (can be seen from the TDS and G model 
parameters). The combinations of rice flour and coarse wheat 
flour as well as the combination of corn flour with coarse whe-
at flour (R2 = 0.996) had the highest values of the wheat flour 
concentration in the samples.  
Williams (1987) published a table which gives the 
following interpretations for various RPD values; from very 
poor prediction (RPD ranged from 0 – 2.3) to excellent pre-
diction (RPD > 8.1) but for a real system all RPD over 3 pre-
sent models with good quantitative prediction odds (Metrohm, 
2013). The agreement between predicted and experimental 
values is shown as the result of PLSR in Figure 6. For the pre-
diction of different concentrations of coarse wheat flour used 
to contaminate the corn grits based on the NIR spectrum, RPD 
value of 7.4 was observed even for low contaminant concen-
trations (< 30 %).
Figure 6.  Linear	regression	model	predicting	the	percentage	
of	coarse	wheat	flour	added	to	corn	grits	samples,	
R2	=	0.982,	RPD=7.454
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Conclusions
Only NIR spectroscopy of all samples recorded in the 
wavelength range of 904 nm to 1699 nm (rice, rice flour, corn 
grits & corn flour contaminated with different percentages of 
fine and coarse wheat flour (5-30 %), were poorly informative 
in finding the differences among them due to poor absorpti-
on and overlapping of absorbing curves. The application of 
multivariate tools as PCA and PLS helped in the qualitative 
and quantitative differentiation of the measured samples. The 
quantitative analysis of sample differentiation was successful 
when the principal component analysis (PCA) was used. 
Application of the PCA resulted with differentiation of sam-
ples based on the food as well as on the added wheat flour. 
The PLSRs showed very good prediction possibilities (RPD 
> 3) for 87.5 % of all observed parameters and contaminated 
samples.  
It has been found that by increasing the weight of wheat 
flour added to liquid samples of rice, rice flour, corn grits 
and corn flour, linear increase in conductivity values  and TDS 
was observed. The exception was a combination of maize and 
coarse wheat flour where conductivity values  and TDS are 
decreasing after addition of 2 or more grams. The strongest 
linear relationship was shown with rice and corn grits speci-
mens, including samples of corn flour with fine wheat flour 
(R2> 0.98) and samples of coarse wheat flour (R2> 0.93). Glu-
ten contamination is possible in foods that naturally do not 
contain gluten, and even in foods with the term "gluten-free" 
on the declaration. This is a major problem and endangers the 
health of people with the only cure-free diet. Although in this 
study no samples of gluten meeting the "gluten-free" (<20 
mg kg-1) and "very low gluten content" (<100 mg kg-1) were 
tested, the results obtained could be of benefit to future rese-
arch which will deal with the construction of more sensitive 
and better calibration models for the detection of gluten as a 
food contaminant by NIR spectroscopy.
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